AGENTS FOR TREATING HUMAN ILLNESSES BASED ON «ATEN.N. AM> 

THE PRODUCTION AND USE THEREOF / ■k 

Dcscrtpt.on 

The invention relales to agents for treating hu m a„ i.lnesses based on substances affecting ,he 

Among them .here are LEF-.-rTCF-4-transcnption factors and peptides derived from G- 
cateni „ and similar molecules. Furthermore, i. relates to a method for detecting sueh 
snbs.ancesandd^seof.heagen.preferaoiyfor.rea.ingtumorssucnasco.on.ccancersand 

melanomas. . 
According, fields of application o, ,he invention are pharmaceutical mdustry and med.cne. 

B . C a,eninisacy,op,asmic protein which fulfhs various functions ,n the cel, In complex with 
lne ce,l adhesion m o,ecu,es of fhe cadherin famiiy B-en, es.ab.ishes .he connection with 
, he cytoskeieton (Huelsken , e, a,.. E-cadherin and APC compete for the interaction with 
bet a-ca,enin and the cytoskele.o, J-Cell-Biol. .27: 2061-9. .994). .„ addition. 6 -ca,en,n ,s a 

The transcription factor LEF-, was identified as tnteraction partner of B-catenin ,n this signal 
cascade (Behrens, , e« a,.. Functiona, interac.ton o, beta catenin with the transcript.on factor 
LEF-1 Nature. 382: 638-42. 1996). The mechanism of signal transduction by 3-caten,n and 
LEF-1 has been clarified: ,. consists of the transport of B-catenin into the cel, nucleus 
m ediated by LEF-1. This complex reguiates the gene expression in the ceH nucieus by the 
LEF-1 induced DNA flexion modified in the complex and by the carboxy-terminal 
lr ansac,,va,,on domain of B-catenin. ,„ the mean time.there has been shown that .soother 
members of the LEF-^CF family o, transcription factors, e.g. TCF-4. are able to mediale 
■ ,v ..u v P , a 1 Constitutive transcriptional activation by a beta- 
this signal transduction (Kortnek. V. et al., constitutive 
catenin-Tcf complex in APC-/-eolon carcinoma. Science, 275: 1784-87, 1997). 

tni ssigna, transduction depending on B-c,enin. This pool is negat.ve.y regulated by glycogen 
synthetase kinase 3B. by the tumor suppressor gene product APC and cond„c,in/ax,n. 



Th cre was - for ca.ce, an d melanomas - ™— - ~ , 

cat e„,n„ r ,„, h c^ 1 en i n b i„d,n g < i o m a i „o fA PC Sl <,p. h , S re g ,a 1 , ( .„(M„™.P,.e,a,. 

Ac Lion of be.a-ca.enin-Tcf signaling in colonic cancer by mu.a.ions in he ^ C * K ™ °' 
APC Science 275: .787-90, .997). Accordingly. the B-caienin poo, ,s stab.l.zed. ,„ 

. „, in a LEF-1 media.ed translocation of 8-ca.enin tnto the 

melanomas .his sfabil.Mi.on results tn a LEF med 

cell nucleus whereas in colon.c cancers ,h,s function is primartly fulf.lled by 4. Th 

, • a „, Pr rell lines is detected by activating a reporter 

This underlines the key role played by B-catenin in the development of tumors. ^ 
notified as an early even, in the development of co.on.c tumors the 

li; s have b ee„made,o„ti, ta theKeyro,eplayed by B-ca,e„in,n the development of 
may be evaded by mutations in APC or in 15 

DNA molecule coding for TCF-4. mPthnd c 
• , in. Ruhinfeld) relates to compositions and methods 
wn Q8/42296 (Onyx Pharmaceuticals Inc. - Rubinteia; 



faclor s. The ma,n Caim rCa.cs ,o ,he isolated, seized B -ca,en,n and ,, fragment ye, such 
fragments were not indicated. 

0„ lh c„nchand, h e;„ven, i on d e S c„ b e d he reis a,n 1 eda lm a W n g ava il aHe„ewa g cn lsf o r 
lrea , ngC ance rS o r a b e m „Uis S ueand 0rg andeve,op m e„ 1 s.His b a S edo„,he S pe C ,aUa skl o 

af fec, the in.erac.ion be.ween B-ca.enin and LEF/TCF .ranscrip.ion fac.ors as a prerecutsnc ,c 
thelra n sl oea,i 0 nandae tl vi ly0 f l heco mpl ex,n l hecennuCeu S .T hi5m odu,a li on S han b e 

specific i e. i. shall no. in.erfere wi.h o.her .n.erac.ions of G-catenin (e.g. w„„ APC. 
l d ,c.;no r E.eadhenn,,nadd i ,,o, lh e,nven,ionisai m eda l deve, oP ,n g EUSA m e. h0 ds 

for screening substance libraries .0 de.ee, molecules (a. o. pep.ides, organic confounds) 
which highly specifically affect always only one interac.ion of B-ca.en.n. 

The invention is mp ,c m en.ed according to .he claims, the su.-Caints are preferential vatian.s. 
Inaf ir,i m plemen.a,ionof,he.nve„tion,hc b in d in g do m ainsoftheL E F TCF .ranscrip^ 
fac ,ors for B-ca.enin were identified (Fig. ». They are the starttng point for oh.ain.ng pep.tdes 
and similar molecules according to the invention. These pep.ides -is, prCerahlyof 
sequ ences eon.atning .0-20 amino acids from the N-.ermi„a, doma.n of LEF-. or TCF-4 (E.g. 
2). These are especially preferably peptides 

■a. 11 1A nf T FF-1 (Fie. 1) with the following 
consisting of the N-terminal amino acids 11-34 of Lhh <ng 

sequence 

GDPELCATDEMIPFKDEGDPQKEK 

• , oiHc 1A 77 nf LEF-1 with the following sequence 

consisting of the N-term.nal ammo acids 14-27 of Ltr 

.ELCATDEM1PFKDE 

• i , m ;nn acids 7-29 (Fig. 2) with the following sequence 
consisting of the the N-terminal amino acids / zv w ig 

GGDDLGANDELISFKDEGEQEEK 

•He 1 n ?t, nf TCF-4 with the following sequence 
consisting of the N-terminal amino adds 10-23 of 1 Lf 

dlgandelisfkde: 



ft 



Furthermore, peptides where acid amino ac 
flanked by hydrophobic and basic amino ac, 



cids are arranged at a distance of 5 amino aci. 



ids and 



ids are preferred (Fig. 2). 



ways being possible. 



a) Use of peptides as such 

A d irec, use of peptides for ,rea,in g tumors is, in general, ou, of question owing ,o .heir 

b ) Use of peptrdes for drug design (peptide mimikry) 

inC rease ,he stability and efficiency in the cell by a purposeful m odifica,ton 
acids or design of non-hydrolizable peptide-like bonds. 

By substttuting the carbon skeleton of the peptides by synthetic carbon skeletons with the 
( non-pe Pt idomime,ics,Th^^^^^ 

pepttdes derived from the minim,™ binding domam of LEF-l^CF for 
4) allows the production of more potent agents for treating tumors. 

Llrprisingfinding is tha, mutattons o, B-catenin were produced which prevent spectftc 



His 470, Arg 469 
Trp 383 
Arg 386 

Phe 253. Arg 274, Trp 



no interaction with LEF-l/TCF-4 
no interaction with APC 20aa 
no interaction with APC 15aa 
no interaction with conductin 



Phe 253 Are 274, Trp nu um^»« 

ipectfically inhibit the interactions between B-calenin and APC, B-catenin and conducunor B- 

inhtbtttng the interaction with APC or conducttn. 

eondnc.in.ay be used to tnterfere with processes of organ deveiopnten, Thus, 
development of hair of man could be e.g. locally promoted. 

,„ particular, the following investigations were carried out: 

was possible tohmitthentin.mumb.ndingdomamtotheN-.erminalamtnoacds,,-. of 



LEF-1 which corresponds ,„ ,he amino acids 7-29 in TCF-4 (Fig. 21. The ,n.erac,ion of N- 
termtnal LEF-1 fragments wtth B-ca,enin was detected by means of activating a lacZ reporter 

gene (s. example). 

„, an EL1SA with synthetic peptides there was shown that the respective peptides (1 1-34. 14- 
27) inhibit specifically the formation of the B-ca.enin/LEF-l complex. Analogous princtples 
apply to the TCF4 peptides 7-29 and 10-23 as regards the formation of the B-ca.eninATCF-4 
complex (Fig. 2). 

The amino acids essential to the inhibttion were identified by .he synthesis of mutant peptides 
(Fig 2). A symmetric arrangement of acid amino acids (aspartie acid and glutamic aetd) a. a 
distance of 5 amino acids flanked by hydrophobic amino acids (leucine, isoleucine) and a 
basic amino acid (lys) is essentia, to the functioning o, peptides. The substifu.ion of phenyl 
alanine or lysine by alanine stops also the tnhtbition by the peptide. The importance of actd 
and aromatic amino acid residues was confirmed by a nucleus translocation test (Ftg. 4) of 
endogenic B-catenin and by a transac.ivation test in mammalian cells in the context of the 
whole LEF-1 molecule. 

2. Characterization of the interaction domain of B-ca.enin for LEF-1. APC. conduc.in and E- 

cadherin 

The armadillo area of B-catenin was crystallized by Huber e« al. in .997 and characterized by 
the X-ray crys.allographic analysis. It was possible to identify a basic groove which mtgh, be 
responsible for the interaction with the acid amino acids of LEF-1 (see above). That ,s why 
basic (Lys, Arg. His) and some aromatic (Trp) amino acids were mutated in the armadtl.o 
repeat units 3-9 of B-ca.enin (Fig. 5). Attention was paid (o the fact that notably free ammo 
acid residues of helices 3 forming .he basis of .he groove and some amino acid residues of the 
periphery (helix 1) were mutated. The mutant B-ca,enins were .ested if they still in.erac. wi.h 
the in.erac.ton partners LEF/TCF, APC. conduc.in and E-cadherin (Tab. 2). Wi.h the aid of 
this method it was possible to identify critical amino acid residues of B-ca.enin which are of 
.mportance to specific imerac.tons (Figs. 5 and 6). Thus it was possible to identify speciftc 
regions of B-ca,enin for the individual interaction partners (Fig. 6). These regions are 



Impocumi (or idewlfytos molecules affecting specifically ihe interaction of 6-caienio wwh 

LEF-1, APC conductin or E-cadherin. 

1 1 „ - —«—■•— - s - dl " n 7 

amino auu h ,~ nPf , t s 3-8 of 6-catenin can be 



for their effect on binding of various interaction partners. 

■ ,„ LEF is of an oncogenic nature, i.e. promotes potentially the 

T ne tnteractton w„h LEF-1 ATCF ^ ^ 

development of cancer, the tnteracttons w„h APC ^ 
anti-oncogenic, i.e. they inhibit the development of can er. Eac 
the W „, signal path has to be therefore carefully tested for „s spec.f.c effect. The 
Icteri ation of the binding domain of B-catenin presented here ,s the basts for hat. 

, nf tUsue e e for promoting the growth ot hair, 
intensified development of tissue, e.g. io v 

, • a arpatpr detail by way of examples: 
Hereinafter, the invention shall be explained ,n greater detai y 



1. 



Identification of the minimum binding domain 
of LEF-1 for 6-catenin: 



The interaction between the partial domains of LEF-1 and 6-calenin was analyzed in 

j ■ f i ff 1 was inserted into the cloning site of the Lex 
lhe N-terminal partta, doma.ns of LEF-1 - 

A DNA binding domain which contains vector BTMU6 and chec q 
The DNA fragments of LEF-1 were prepared by a polymerase chatn reacon <PCR) 



ana ,ncuba,ion with restnction endonucieases. The DNA coding for 6-ca,en,n was 
c ,„„ed into .he vector pG AD424 (Clontech) for ,he activat.on domam of G AL-4 
(Behrens e, al. 1996). The B-galac,osidase acivUies of .ndependen, exper,men,s were 
averaged for comparing the interaction of the hybrids. 

The specificity of the interacts of the LEF-. hybnds with B-catenin was checked by 
means o, the B -ga,ac,osidase activity of yeasts producing the LEF hybrids and the 
GAL-4 activation domain without B-ca,enin (Fig. 1). The expresston of the LEF-1 
hyb rids was checked in an .mmunoblo, w,th yeast cell lysates by antibodies (Cfontech) 
as against the Lex-A domain of the hybrids. E q ua, yeas, quantities were used for 
preparing the iysates after determing the optica, density of the cu.tures. 

2 . characertzationofthe^ateninbindtngdomainofLEF-finthetestfortransiation 

By an invitro mutagenesis of the cDN A of LEF- > point mutations were generated in the 
hinding domain of LEF-1 for B-catenin. The mutagenesis was achieved by means of the 
Wonner site-direeted mutagenesis ki«""of the company Cfontech according to 
informationo, the produce, The lowing amino acids were substituted by a.anme: G,u ,4, 
Asp ,9 Glu 20. Phe 24, Lys 25. Asp 26 and Glu 27. The mutants were checked by 
seq „enc,n g and subcioned into the vector pCG-LEF-, (Behrens e, ..996,. After the 
lr a„sfec,,o„ofMDCKcens with LEF-.orits mutants the translation of endogen.c 
eatenin into the ceU nucleus was analyzed according to immunological methods. To ,h,s 
end 2 5 x .0= MDCK cells were tranfected. The immunodetection of LEF-1 was earned out 
with an antiLEF-lsemm of rabbits and Cy2 conjugated an,,-rabb„ antibodies, the detecon 
of S .ca,enin was achieved by means of monociona, antibodies and Cy-3 conjugated an,,- 
mouse antibodies (Fig. 4A). 



3. Characterisation and qualification of inhibiiory peptides in an EL.SA: 

B ,h proteins were produced in bacteria — nt, w.th N-,erm,a, 

purified by means of mcke, chromatography for q uan lify ,n g ,hc .nhib.t.on of ,hc LEF-l/B- 

Lenin .nteraction b y synthettc pepf.de, and (Behrens e, a, ,996). The pepi.des were 

p r „ducedbyf h ecornpa„yBio S yn t a„wi lhth eaidofaPSSM-8a„ l o m a l o„,S h , m adzu. J apan, 

50 1 inle wells of EUSApla^ 
wells were covered with 5 % dry milk powder in PBS for 16 hours at 4°C. All further steps 
were carried out at room temperature in PBS with 50 mM Tris HC1 (pH '^ W "^ 
lhe we.ls with PBS the peptide dilutions were added. The incubation with 50 - ,00 ng of B- 
catenin was carried out for 10 minutes in the presence of 200 mg/ml BSA. The complex 
fom a,ionof LE F,andB.a,e„inwasde,ec,edby,hean,i b odyPA2a g a,n 5 ,,hecar b ox y 
terminal areaof B .a,en.n,HuelsKenetal. 1994).PA2 was addedinastandard uuonof 

quantification was carried ou, by detection antibod.es conjugated by perox.dase U : 2500 
* of dry mi.k powder in PBS, Dianova) and the conversion of o-phenylenediamine was 
determildby photometrtc me— ,405 nm. The pepttdes were used in concentrate 
of,00 U Mto0.3t,M.Tochec k t h espeeif 1 ci. y ofthei„hibitionof,heLEF 1 *ca,e„,n 

in the presence and absence of the peptides (Figs. 2 and 3). 

Poramutation analysis of the peptides the indicated amino acids were subst.tutec Iby alan.ne 
duri „g the synthesis. The inhibition o, the complex formatton o, B-catenin and LEF-, was 
quantified as has been already described (Fig. 2). 

4 . Preparation and testing of mutants of B-ca,enin modulating the interaction with LEF-1. 
APC, conductin or E-cadherin 

The mutagenesis of B-ca,en,n ,n the armad.llo repeats 3-8 was carried ou, by means of the 
mutagenesis kit" of the company Clontech accordtng to the producer's record and the 
mu tan,s were checked by sequencing (Fig. 5). ,„ ... mutants the ortgina, amino ae.d was 



subs „, u ,ed by alanine. For anaiyzing the interactions .he cDNA of human a-catentn 
(armadiUo repeat 3 up to the C-termtna, end of ,he protein) ceding for the amino actds 
L eu2,8-Leu7 81 or Us mutants was cloned into ,hc fusion vector for ,he acvatton domain of 
G „ 4 (pGAD424. Clontech). The cDN A for ,he binding domains of ,he inierae.ion partners 
. as e 1 o„edin l o t heLexA,ns,onvee l orBTM, 1 6.T„ 1 hisend, l hee D NAofLEF,for 1 he 

aml „oacids 1 -09,eondue,i„ for ihe amino acids AU342-ARG465.. of human APC for ,he 
am ,„o acds His,0,2-G,u,2,5 (APC ,5 amino acd repeats) and for the amino acds Ser 259- 
Asp ,400 (APC 20 amino ae.d repears) and E-cadherin for the amino acids G>n773-Asp 88 4 
(cytoplasmatic domain) were amplified with the respective primers PCR. The inieraction of 
the Lex-A hybrids with 6-catenin and ,.s mutants was quantified by means of the B- 
gal ac,osidase reporter activity in the yeas, hybrid system .report.'MatchmaKer, Clontech, 
(Tab. 2 and Fig. 6). 



# 



Legends for the Figures and Tables: 

Fig. 1 

Identification of the minimal binding domain of LEF-1 for B-catcnin 

The interaction of fragments of the binding domain of LEF-1 with 6-catenin was analyzed by 
means of the B-galactosidase reporter activity in the yeast-2-hybrid system. The deletion of C- 
terminal amino acids of LEF-1 up to Glu27 and N-terminal amino acids up to Gly 10 does not 
result in a loss of bond (1 1-27) whereas further deletions prevent the interaction (1 1-23, 17- 
34). Accordingly, the minimum binding domain of LEF-1 for 6-catenin consists of 17 amino 
acids (11-27) showing an acidic character. The partial domain of LEF-1 covering MetZl up 
to Val 56 does not show any binding activity towards 6-catenin. 

Fig. 2: 

Characterization of the minimum binding domain of TCF-4 by inhibition of binding of 6- 
catenin to LEF-1 in an ELISA 

Synthetic peptides from the N-terminal area of hTCF-4 with substitutions of the amino acid 
residues indicated were tested for their ability to inhibit the interaction between LEF-1 and 6- 
catenin. The substitution of the acid amino acid residues of AsplO, Aspl5 and As P 22 of TCF- 
4 by analine results in stopping the inhibition by the respective peptides. The substitution of 
Phe20 and Lys21 has the same effect. By a deletion an acid, minimum binding domain of 
TCF-4 for 6-catenin of a length of 14 amino acids (Asp 10 up to Glu23) was identified. 

Fig. 3: 

Inhibition of the interaction between LEF-1 and 6-catenin by synthetic peptides of the 
minimum binding domain of LEF-1 in an ELISA 

The synthetic peptide of the minimum binding domain of LEF-1 (10-34) inhibits the 
interaction between LEF-1 and 6-catenin in an ELISA. A reduction of the complex formation 
to 50 % is measured in the event of the peptide concentration being 4 p.M whereas a peptide 
of LEF-1 with the amino acids Ile35-Val56 does not inhibit complex formation. 



Fig. 4: 

A substitution of acid amino acid residues and of phenyl alanine in the minimum binding 
domain of LEF-1 blocks the translocation of B-catenin into the cell nucleus. 

A. MDCK cells were transfected with wild type and mutants of LEF-1 and the 

translocation of endogenous G-catenin into the cell nucleus was checked by an 
immunofluorescence detection. The substitution of the acid amino acid residues of 
Aspl9, Glu20, Asp26 and Glu27 by alanine blocks the translocation of B-catenin into 
the cell nucleus; the substitution of the aromatic amino acid Phe24 has the same effec 
The substitution of Glul4 and Lys25 does not prevent a translocation. Arrows mark 
the cells transfected by LEF-1 in the immunodetection for endogenic B-catenin. 



Comparison of the minimum binding domains of LEF-1 and TCF-4 with the 
respective positions of the amino acids. 



Fig. 5: 

Mutations of alanine in the armadillo domain of B-catenin resulting in a reduction of more 
than 70 % of the interaction with LEF-1, APC, conductin and E-cadherin. 



The localization of the mutations related 



to the structural context (Helix 1-3, in frames) is 



represented. The figures above the amino acids in the sequence mark the analyzed mutants. 
The mutants with a reduction of the interaction with LEF-1 (red), APC (blue), conductin 
(green) and E-cadherin (yellow) of more than 70 % are marked by various colours. Amino 
acids marked grey represent in all repeats preserved identical or chemically similiar amino 
acids. 



Fig. 6: 

Mutations in the armadillo domain of 6-catenin preventing specifically only binding of LEF- 
1, APC, conductin and e-cadherin. 

Representation of the armadillo domain repeats 3-8 with mutations showing a reduction of the 
respective interaction to less than 30 % (red) or to 30-60 % (yellow). Mutants which are 
specific for the respective interaction: Arg469 and His470 for binding LEF-1, Trp383 for 



APC (20 amino ac 



id repeats). Arg386 for APC (15 amino 



acid repeats), Phe253, Arg274 and 



Tr P 338 for conductin are marked by arrows. The interactions were 
hybrid system by means of the B-galactosidase reporter activity 



2 determined in a yeast 2- 



Tab. 1: 



Amino acid sequence of the armadillo repeats 3-8 of human 6-catenin 



Tab. 2: 



Compilation of all 6-catenin mutants with a 



binding activity of less than 60 % 



towards the binding domains of LEF-1, APC, conductin 



and E-cadherin indicated 



Tab. 1 



Amino acid sequence of .he human 8-ca,en,„ (armadilio repea.s 3-8) 



Tab. 2 



3 ' i I pp i A PC (20 and 15 amino acid repeats), 

Interaction between B-catenin mutants and LEM, APL 

conductin and E-cadherin 



interaction with 



fi-catenin mutants arm. raf1 herin 
units LEF-1 APC-20 APC-15 conductin E-cadherm 



were determined in yeast 2-hybrid assays. 



* 



Fig. 1 

Binding to B-catenin 
(6-galactosidase units) 



t 

Fig. 2 



Inhibition of binding of B-catenin 



Fig. 3 

ln „ibhion of the in.eraccion between LEF-1 and B-ea,enin by syndic pep.idcs from .he 

minimum binding area 



Fig. 5 

B-catcnin mutations with < 30 % of transactiv; 



Fig. 6 

Interaction between B-catenin mutants will 

Interaction reporter activity 

Mutation for interaction partners specific 



